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A doença de Parkinson é uma doença neurodegenerativa caracterizada 
por uma neurodegeneração selectiva e depleção de dopamina, e apesar 
de grande parte dos casos terem origem esporádica diversas mutações 
monogénicas têm sido associadas ao desenvolvimento de um fenótipo 
parkinsoniano. A proteína DJ-1 é de particular interesse, dado o seu 
papel neuroprotector contra stress oxidativo e disfunção mitocondrial, e a 
identificação de mutações correlacionadas a doença de Parkinson 
precoce.  
Neste estudo, foram produzidas duas mutações patológicas da proteína 
DJ-1, M26I e E163K. Uma análise SDS-PAGE e LC-MS/MS comprovou 
uma produção e purificação adequada das mutações, e SEC-HPLC 
assegurou a preservação estrutural das mutações de DJ-1 como 
homodímeros, uma característica chave de DJ-1 fundamental para a sua 
actividade biológica. Por outro lado, estudos de viabilidade de SH-SY5Y 
indicaram que, apesar do papel protector da forma nativa contra stress 
oxidativo, as mutações M26I e E163K demonstraram uma reduzida 
capacidade neuroprotectiva. 
Para melhor compreender os motivos desta disfunção biológica, foi 
desenvolvido um protocolo para marcação das proteínas de superfície 
celular com Sulfo-NHS-LC-biotina e pull-down com avidina para 
enriquecimento e subsequente análise MS. Vários ensaios como western 
blotting, LC-MS/MS e microscopia confocal confirmaram a adequação do 
protocolo sugerido. Quando aplicado para uma análise de variações 
proteómicas relacionadas com stress oxidativo, em fracções enriquecidas 
provenientes da biotinilação de SH-SY5Y e pull-down da parte 
membranar do extracto celular, permitiu a identificação de várias 
proteínas de interesse, nomeadamente quatro proteínas com diferença 
significativa resultante da indução de stress oxidativo. Também foi 
realizado um pull-down com a totalidade extracto celular, que resultou em 
dados não conclusivos relativamente ao uso de ultracentrifugação antes 
do pull-down. 
Não obstante, este estudo correspondeu à primeira análise da superfície 
celular de SH-SY5Y realizada num contexto da doença de Parkinson, 
que poderá ser usada no futuro para estudar alterações no proteoma de 
superfície celular em ambiente de stress oxidativo e de adição da 
proteína DJ-1, na forma nativa e mutante, de forma a fornecer novas 
pistas referentes ao seu intake e modulação da sinalização em ambiente 
oxidativo, e em suma contribuindo para uma nova perspectica sobre os 
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Parkinson’s disease (PD) is a neurodegenerative disease, characterized 
with selective neurodegeneration and dopamine depletion. Despite most 
cases appear to have sporadic origin, it has been associated various 
monogenic mutations to the onset of a parkinsonian phenotype. DJ-1 
protein is of particular interest given its neuroprotective role against 
oxidative stress and mitochondria impairment, and the identification of 
several mutations correlated with early onset PD.  
For this study, it were then produced two pathological mutations of DJ-1, 
M26I and E163K. SDS-PAGE and LC-MS/MS analysis confirmed the 
adequate production and purification of the both mutant proteins, and 
SEC-HPLC secured the structural perseverance of the mutations as 
homodimers, a key feature of DJ-1 essential for its biological activity. On 
the other hand, SH-SY5Y viability assays indicated that despite the native 
form protective role against oxidative stress, M26I and E163K mutations 
showed a compromised neuroprotective capacity.  
To better understand the reasons for this biological impairment, it was 
developed a protocol for cell surface proteins labelling with Sulfo-NHS-
LC-biotin and avidin pull-down for enrichment and downstream MS 
analysis. Assays such as western blotting, LC-MS/MS and confocal 
microscopy confirmed the adequacy of the proposed procedure. When 
applied for the analysis of proteome variations related to oxidative stress, 
in enriched fractions from SH-SY5Y biotinylation and avidin pull-down of 
crude membrane sub cellular part, it allowed the identification of several 
proteins of interest, namely four proteins with significant difference 
caused by oxidative stress induction, and of other proteins of interest. It 
was also performed the direct pull-down of whole protein extract, offering 
inconclusive results regarding the preferential use of ultracentrifugation 
before pull-down.  
Nevertheless, it was the first time that SH-SY5Y cell surface was 
analysed in a PD context, and it could be used in the future to study cell 
surface proteome alterations modulated by oxidative stress and 
extracellular presence of native or mutant DJ-1, providing new insights 
regarding its intake and signalling modulation in pathological conditions, 
and hence contributing for a new perspective over preventive or eliciting 
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Table 1.1 – Genes implicated in monogenic parkinsonism, confirmed with genome-wide 








Figure 1.1 – Schematic representation of α-synuclein, with missense mutations above the 
protein exon organization. In red, localization of KTKEGV motifs. Besides missense mutations, 














Figure 1.2 – Schematic representation of the LRRK2 gene and protein with colored domains. 
Above the protein organization, missense pathogenic mutations in red, Asian-specific risk 










Figure 1.3 – Schematic representation of pathogenic frameshift mutations, above the 
transcript. Protein organization with coloured domains, and missense mutations below. Not 






Figure 1.4 – Representation of PINK1, with frameshift and nonsense mutations above protein 






Figure 1.5 – Schematic representation of DJ-1 transcript organization and protein, composed 
of one domain. Missense mutations below the protein. Frameshift and splice mutations, and 











      
 
     
1.2.1. Structure and function 
Figure 1.6 – Representation of DJ-1 structure: (A) Primary structure of human DJ-1, obtained 
from Protein Data Bank (1P5F). (B) Crystal structure of human DJ-1 protein, as the active 
homodimer. Two subunits are colored in cyan and magenta. Residues of the catalytic triad 
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Figure 1.7 – Location of the two residues of M26I and E163K pathogenic mutations, in each 
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Figure 4.2 – SDS-PAGE analysis with coomassie staining of fractions collected during M26I DJ-1 
production and purification. MM = molecular marker; BI = sample collected before induction; 
AI = after induction; Ld = protein extract loaded to HisTrap column; FT = flow-through from 
HisTrap elution of protein extract; F[x]= chromatography elution fractions; AC = affinity 
chromatography; SXC = size-exclusion chromatography; FT conc = flow-through from 
concentration of purified M26I DJ-1; SB = Sample Buffer; PBS+glyc = PBS with 5% glycerol. 
Figure 4.1 – Chromatograms for separation and purification of M26I DJ-1: black line represents 
chromatograms based on elute absorbance at 280nm, for protein detection; dashed red line 
represents increasing concentration of imidazole in mobile phase, for elution of histidine-
tagged M26I protein; grey squares and numbers correspond to fractions analyzed in SDS-PAGE 
with coomasie staining; blue box correspond to fractions selected for purification in size-
exclusion chromatography; green box corresponds to fractions selected for preparation of 
M26I DJ-1 stock solutions, in PBS or PBS and 5% glycerol.
HisTrap affinity chromatography 
Superdex 200 size-exclusion 
chromatography 
HisTrap AC 
Superdex 200 SEC M26I stock 
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71 
HisTrap affinity chromatography 
Superdex 200 size-exclusion 
chromatography 
Figure 4.3 – Chromatograms for separation and purification of E163K DJ-1: black line 
represents chromatograms based on elute absorbance at 280nm, for protein detection; 
dashed red line represents increasing concentration of imidazole in mobile phase at affinity 
chromatography; grey squares and numbers correspond to fractions analyzed in SDS-PAGE; 
blue box correspond to fractions selected for purification in size-exclusion chromatography; 
green box corresponds to fractions selected for preparation of M26I DJ-1 stock solutions, in 
PBS or PBS and 5% glycerol.
Figure 4.4 – SDS-PAGE analysis with coomasie staining of fractions collected during E163k     
DJ-1 production and purification.   MM = molecular marker; BI = sample collected before 
induction; AI = after induction; Ld = protein extract loaded to HisTrap column; FT = flow-
through from HisTrap elution of protein extract; F[x]= collected chromatography fractions; AC 
= affinity chromatography; SXC = size-exclusion chromatography; FT conc = flow-through from 
concentration of purified E163K DJ-1;  SB = Sample Buffer; PBS+glyc = PBS with 5% glycerol. 











Figure 4.5 – Silver staining of prepared M26I and E163K DJ-1 stock solutions in protein vehicle, 
and previously produced wild-type DJ-1 stock solutions from fractions 6 and 7 (WT F6+7) or 
fraction 15 (WT F15), collected on the correspondent Superdex 200 size-exclusion 
chromatography. MM = molecular marker. 
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Table 4.1 - DJ-1 and contaminants identification by LC-MS/MS. p = Protein database;  
pm = modified Protein+Mutation database, with added entries of mutant DJ-1 forms. Color 
tagging: red = digestion enzyme; dark green = DJ-1 of protein database; light green = identified 
mutant DJ-1 sequences, added in modified database; orange = keratin proteins; light blue = E. 
coli culture protein contaminants; dark blue = L-B medium contaminants. 
solution
gel section
PP database p pm p pm p pm p pm p pm p pm p pm p pm p pm
accession code protein name species
sp|P00761|TRYP_PIG Trypsin Sus scrofa X X X X X X X X X X X X X X X X X X
sp|Q99497|PARK7_HUMAN Protein DJ-1 Homo sapiens X X X X X  X  X  X  X  X  X  
sp|Q8UW59|PARK7_CHICK Protein DJ-1 Gallus gallus           X X      X
D00000|Protein DJ-1 WT Homo sapiens      X             
D00001|Protein DJ-1 M26I Homo sapiens        X  X  X    X   
D00002|Protein DJ-1 E163K Homo sapiens                  X
D00003|Protein DJ-1 C106A Homo sapiens      X             





Protein DJ-1; DJ-1 C106DD;                                        
DJ-1 C106A; DJ-1 WT
Homo sapiens              X     
sp|P35527|K1C9_HUMAN Keratin, type I cytoskeletal 9 Homo sapiens X X X X   X X     X X X X   
sp|P13645|K1C10_HUMAN Keratin, type I cytoskeletal 10 Homo sapiens X X     X X     X X X X   
sp|P02533|K1C14_HUMAN Keratin, type I cytoskeletal 14 Homo sapiens X X           X X     
sp|P08779|K1C16_HUMAN Keratin, type I cytoskeletal 16 Homo sapiens       X            
sp|P04264|K2C1_HUMAN Keratin, type II cytoskeletal 1 Homo sapiens X X X X   X X X X   X X X X   
sp|P35908|K22E_HUMAN
Keratin, type II cytoskeletal 2 
epidermal
Homo sapiens X X     X X     X X     
sp|P13647|K2C5_HUMAN Keratin, type II cytoskeletal 5 Homo sapiens X X                 
sp|P0A7W1|RS5_ECOLI 30S ribosomal protein S5 Escherichia coli X X     X X     X X     
sp|P0A7X3|RS9_ECOLI 30S ribosomal protein S9 Escherichia coli X       X           
sp|P0A7W1|RS5_ECOLI 30S ribosomal protein S13 Escherichia coli X X     X X     X X     
sp|P60723|RL4_ECOLI 50S ribosomal protein L4 Escherichia coli X X     X      X X     
sp|P02413|RL15_ECOLI 50S ribosomal protein L15 Escherichia coli X X            X     
sp|P0A9A9|FUR_ECOLI Ferric uptake regulation protein Escherichia coli X X     X X           




Escherichia coli      X             
sp|P60712|ACTB_BOVIN Actin, cytoplasmic 1 Bos taurus X X X       X   X      
sp|Q7ZVI7|ACTB1_DANRE Actin, cytoplasmic 1 Danio rerio    X               
sp|P41340|ACT3_LIMPO Actin-3 Limulus polyphemus       X  X          
sp|P29751|ACTB_RABIT Actin, cytoplasmic 1 Oryctolagus cuniculus        X           
sp|O17320|ACT_CRAGI Actin Crassostrea gigas              X X X   
sp|P04764|ENOA_RAT Alpha-enolase Rattus norvegicus X X X X               
sp|P02662|CASA1_BOVIN Alpha-S1-casein Bos taurus X X                 
sp|P02663|CASA2_BOVIN Alpha-S2-casein Bos taurus       X X           








Rattus norvegicus X X X X               
sp|P19120|HSP7C_BOVIN
Heat shock cognate 71 kDa 
protein
Bos taurus   X X               
sp|P01946|HBA_RAT Hemoglobin subunit alpha-1/2 Rattus norvegicus X X X X   X X X X         
sp|P02091|HBB1_RAT Hemoglobin subunit beta-1 Rattus norvegicus   X X               
sp|P81947|TBA1B_BOVIN Tubulin alpha-1B chain Bos taurus    X               
sp|Q2HJ86|TBA1D_BOVIN Tubulin alpha-1D chain Bos taurus   X                
sp|P62261|1433E_BOVIN 14-3-3 protein epsilon Bos taurus    X         X      
sp|P63102|1433Z_RAT 14-3-3 protein zeta/delta Rattus norvegicus   X                
2 3
WT M26I E163K
1+4 2 3 1+4 2 3 1+4
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samples MW (Da) 
WT (f6+7), PBS 60,470 
WT (f6+7), PBS+G 60,203 
WT(f15), PBS 60,470 
WT (f15), PBS+G 60,203 
M26I, PBS 59,198 
M26I, PBS+G 58,988 
E163K, PBS 34,117 
E163K, PBS+G 34,696 
SEC-HPLC chromatogram of WT, M26I and 
E163K DJ-1 protein stock solutions, and registry of peak 
retention time of protein standards. Used standards: BD = 
Blue Dextran 200; Con = conalbumin; Ov = ovalbumin; CA = 
carbonic anhydrase; Apr = aprotinin. V0 = dead volume. 
Determined calibration curve: Kav= -0.3799 log10(MW) + 
1.9143 (R
2
 = 0.993).  
Table 4.2 – Determination of 
quaternary molecular weight 
(MW), from WT, M26I and 
E163K DJ-1 peak retention 





4.1.3. DJ-1 viability assays for neuroprotection analysis 
samples MW (Da) 
ENP - new E163K DJ-1 stock,           
stored in PBS 
34,692 
ENPG - new E163K, stored in 
PBS+5% glycerol 
35,705 
EO - old stock of E163K, 
stored in PBS + 10% glycerol 
28,976 
EE  - old stock (EO), 
concentrated and changed 
buffer to PBS+5% glycerol 
31,108 
Figure 4.7 - SEC-HPLC chromatogram of E163K DJ-1 
protein recently produced compared to previous stock, 
and registry of peak retention time of protein 
standards for construction of calibration curve:                                  
Kav= -0.3332 log10(MW) + 2.0400 (R
2
 = 0.991). Used 
standards equal to Figure 4.6, with addition of 
ribonuclease A (RibA). 
Table 4.3 – Determination of 
quaternary MW with peak retention 
times of produced and old stock of 










Figure 4.8 – SH-SY5Y cell viability assay, under normal (0 µM H2O2) or oxidative stress (50 µM 
H2O2) conditions, and in absence (c-) or presence of different DJ-1 protein forms (WT, M26I, 
E163K). Values normalized to control condition (c-, 0µM H2O2). Negative and positive error 
bars of each condition corresponding to respective standard deviation (n=3). Above the 
graphic, indication of condition pairs with significant difference after independent samples t-
test analysis: * = p-value under 0.05; ** = p-value under 0.001. 
0 µM H2O2 













4.2. Biotinylation protocol for MS analysis of cell 
surface proteome in a PD context 
 
4.2.1. Detection of protein biotinylation 





Figure 4.9 – Protein blotting and silver staining, after SDS-PAGE separation for the detection of 
biotinylated and total amount of proteins, respectively. Samples after the biotinylation 
process, using biotin solubilized in water (left images) or PBS (right). MM = molecular marker; 
Ft[x] = washing fractions collected for avidin resin washing, for removal of non-bound 
proteins; Bt = fraction of proteins eluted with Biotin Buffer; Reg = fraction of elution with 









Figure 4.10 – Fluorescence microscopy of HeLa cells after 24h incubation, biotinylation (or 
incubation with PBS in negative control), TBS wash for biotin quenching, fixation and SAPE 
staining of biotinylated proteins. 1 to 4 correspond to each replicate condition, with 
photographs taken at 40× magnification and using bright-field (light transmission) for cell 
observation, or rhodamine filter (550/25 bandpass emission filter, 570 nm dichroic filter, 





addition of Sulfo-NHS-LC-biotin (100µM) 
negative control (no biotin addition) 
Figure 4.11 – Low resolution confocal microscope Z-stack imaging of HeLa cells, after 24 
incubation, cell biotinylation (or PBS incubation in negative control), quenching, fixation, 
SAPE labelling and preparations of microscope sides. Observation using BPE Smart 
Setup, with 488nm excitation laser. Images from left to right correspond to different z 
positions registered for the same sample, in down-up direction. 
Figure 4.12 – High resolution confocal microscope Z-stack imaging of HeLa cells, 
biotinylation condition. Observation with BPE Smart Setup, 488nm laser. Several 
images from the same biotinylated HeLa cells, taken in successive z positions (from left 
to right and up to bottom)
4. Results 
87 
4.2.2. MS analysis of SH-SY5Y surface biotinylation                     









Table 4.4 – Comparison of IDA acquisition data processing, from pull-down protein extract 
samples of biotinylated cultures after H2O2 or control stimulation (H2O2, C-, respectively), and 
with or without ultracentrifugation (membrane, extract, respectively). Data of total identified 
peptides and proteins was compared in total number and percentage (related to total 
number) of proteins with gene ontology attributed to membrane (GO:0044425), plasma 
membrane (GO:0005886), extracellular region (GO:0005576) and cell surface (GO:0009986), 
and proteins with predicted α-transmembrane region (TMHMM Server v.20 online tool). 
 
 




nr % nr % nr % nr % nr %
C- extract 2661 544 336 208 358 65.8 80 14.7 50 9.2 256 47.1 22 4.0
C- membrane 2756 629 351 278 444 70.6 111 17.6 100 15.9 303 48.2 23 3.7



























Figure 4.15 – Venn diagrams for total identified proteins in replicates of each condition, 
control extract (C-ext), control membrane (C-memb) and H2O2 membrane (H2O2 membrane) 









Table 4.5 - Comparison of selected proteins for identification and quantification: total distinct 
proteins = identified with at least one peptide in IDA acquisition processing of three conditions 
(control extract, control membrane, H2O2 membrane); proteins common to all conditions = 
identified with at least one peptide in IDA acquisition processing of all three conditions; 
SWATH acquisition = protein selected for quantification (with at least one peptide identified in 
all replicates). Annotation of total number proteins, and percentage of proteins with attributed 
gene ontology [membrane proteins (GO:0044425),  plasma membrane (GO:0005886), cell 
surface (GO:0009986)], and  with predicted α-transmembrane region (TMHMM Server). 
nr 841 567 144 125 29 381
% 100.0 67.42 17.12 14.86 3.45 45.30
nr 332 231 53 31 17 180
% 100.0 69.58 15.96 9.34 5.12 54.22
nr 80 61 14 5 5 58























Table 4.6 – Comparison of the average and median of proteins intensity (mean intensity 
values in the four condition replicates of each condition) and average of between-replicates 
standard deviation (st dev) and coefficient variation (%CV) of all SWATH quantified proteins, 

































2.83E-01 1.34E-01 7.62E-02 26.76 2.21E-01 9.45E-02 7.63E-02 39.31 1.87E-01 9.35E-02 8.52E-02 50.26
protein normalisation 
to total intensity
1.25E-02 5.84E-03 1.87E-03 16.43 1.25E-02 5.26E-03 2.33E-03 23.71 1.25E-02 1.25E-02 1.86E-03 17.76
















































ATP-dependent RNA helicase 
A




x x x x x x x x x 0.319 2.08 0.131 1.35
P25705 ATPA
ATP synthase subunit alpha, 
mitochondrial
x x x x x x 0.184 1.53 0.007 1.02
P19338 NUCL Nucleolin x x x x x x x x 0.244 1.75 -0.050 0.89








x x x x 0.136 1.37 0.013 1.03
P06576 ATPB
ATP synthase subunit beta, 
mitochondrial
x x x x x x x 0.137 1.37 0.026 1.06
P63261 ACTG Actin, cytoplasmic 2 x x x x x 0.021 1.05 -0.067 0.86
Q9Y230 RUVB2 RuvB-like 2 x x x x x x x 0.173 1.49 -0.028 0.94
P11940 PABP1
Polyadenylate-binding    
protein 1
x x x x x x x 0.200 1.58 0.003 1.01
P14625 ENPL Endoplasmin x x x x x 0.25 x x x 0.349 2.23 0.096 1.25
P36578 RL4 60S ribosomal protein L4 x x x x -0.018 0.96 -0.091 0.81
P04264 K2C1 Keratin, type II cytoskeletal 1 x x x x x 0.064 1.16 0.095 1.25
P62805 H4 Histone H4 x x x x x x x -0.622 0.24 0.033 1.08
Q99623 PHB2 Prohibitin-2 x x x x x 0.122 1.33 0.050 1.12
P62701 RS4X
40S ribosomal protein S4, X 
isoform
x x x x x x -0.225 0.60 -0.036 0.92
P35232 PHB Prohibitin x x x x x x 0.397 0.003 1.01 0.000 1.00
Q02878 RL6 60S ribosomal protein L6 x x x x x 0.053 1.13 -0.096 0.80
P39023 RL3 60S ribosomal protein L3 x x x 0.063 1.16 -0.053 0.89
P23396 RS3 40S ribosomal protein S3 x x x x x 0.247 0.002 1.00 -0.009 0.98
P18124 RL7 60S ribosomal protein L7 x x x x -0.007 0.98 -0.014 0.97
P05388 RLA0
60S acidic ribosomal protein 
P0
x x x x 0.271 0.027 1.06 0.015 1.04












x x x x x x x -0.161 0.69 0.016 1.04
P17987 TCPA
T-complex protein 1 subunit 
alpha
x x x 0.323 x x 0.115 1.30 -0.038 0.92
Q5VTE0 EF1A3
Putative elongation factor 1-
alpha-like 3
x x x x x x 0.381 2.40 0.189 1.55
P40429 RL13A 60S ribosomal protein L13a x x x x 0.303 0.012 1.03 -0.041 0.91
Ctrl ext H2O2 memb 
condition variation (var): 
values normalised to total int.,  








Ctrl ext vs. memb 
t-test








Table 4.6 - Comparison of SWATH acquisition data quantitation of proteins with at least one 
quantified peptide in all twelve replicates, after pull-down of biotinylated SH-SY5Y after H2O2 or 
control stimulation (H2O2, Ctrl, respectively), with or without ultracentrifugation (memb, ext). 
Gene ontology protein attribution of selected proteins: memb = membrane (GO:0044425); 
plasma memb = plasma membrane (GO:0005886); cell surface (GO:0009986); transmemb = 
proteins with predicted α-transmembrane region (TMHMM Server). PARK7 (DJ1) STRING score = 
score attributed to proteins identified on STRING 10 online tool search for 500 PARK7 
interactors (predicted with neighborhood, gene fusion, co-occurrence, co-expression, text-
mining, databases and experiments). t-test = statistically significant difference of each protein 
between independent conditions (Ctrl ext or H2O2 memb against Ctrl memb), with p-value less 
than 0.05 or 0.01. norm to total int = protein intensity normalization to total intensity of each 
replicate; norm to IS = normalization to internal standard; var = condition variation, of each 
protein in Ctrl ext and H2O2 memb conditions normalized to control condition, Ctrl memb.
4. Results 
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P15880 RS2 40S ribosomal protein S2 x x x -0.124 0.75 -0.025 0.94
P62249 RS16 40S ribosomal protein S16 x x x x x x -0.230 0.59 -0.005 0.99
P11142 HSP7C
Heat shock cognate 71 kDa 
protein
x x x x x 0.464 -0.126 0.75 0.019 1.05
Q92522 H1X Histone H1x x x x x x x 0.178 1.51 0.004 1.01
P61313 RL15 60S ribosomal protein L15 x x x -0.099 0.80 -0.055 0.88
P62906 RL10A 60S ribosomal protein L10a x x x x x x 0.119 1.32 0.103 1.27
P62424 RL7A 60S ribosomal protein L7a x x x x x 0.061 1.15 -0.094 0.81




x x x -0.167 0.68 -0.130 0.74
P62917 RL8 60S ribosomal protein L8 x x x 0.278 -0.035 0.92 -0.038 0.92
P62269 RS18 40S ribosomal protein S18 x x x 0.023 1.05 0.104 1.27
P45880 VDAC2
Voltage-dependent anion-
selective channel protein 2
x x x 0.282 x x x x -0.510 0.31 0.035 1.08
P61353 RL27 60S ribosomal protein L27 x x x x 0.029 1.07 0.032 1.08
Q00325 MPCP
Phosphate carrier protein, 
mitochondrial
x x x x x x x x x x 0.235 1.72 0.085 1.22
P26373 RL13 60S ribosomal protein L13 x x x x -0.079 0.83 -0.048 0.90
Q71DI3 H32 Histone H3.2 x x x x x x -0.699 0.20 0.137 1.37
P18077 RL35A 60S ribosomal protein L35a x x x 0.036 1.09 -0.023 0.95
P62241 RS8 40S ribosomal protein S8 x x x 0.029 1.07 -0.050 0.89
Q9BPW8 NIPS1 Protein NipSnap homolog 1 x x x x x 0.025 1.06 0.080 1.20
P62244 RS15A 40S ribosomal protein S15a x x x 0.291 x x -0.228 0.59 0.011 1.02
Q07020 RL18 60S ribosomal protein L18 x x x 0.010 1.02 -0.040 0.91




x x x x x x x 0.441 2.76 0.113 1.30








x x x 0.001 1.00 -0.054 0.88
P18621 RL17 60S ribosomal protein L17 x x x x x -0.326 0.47 -0.129 0.74
P67809 YBOX1
Nuclease-sensitive             
element-binding protein 1
x x x x x x 0.171 1.48 -0.037 0.92
P62873 GBB1
Guanine nucleotide-binding 
protein G(I)/G(S)/G(T)     
subunit beta-1
x x x x x x -0.576 0.27 -0.077 0.84
P62753 RS6 40S ribosomal protein S6 x x x 0.089 1.23 -0.246 0.57
P62913 RL11 60S ribosomal protein L11 x x x 0.365 x x -0.256 0.55 -0.017 0.96
P62841 RS15 40S ribosomal protein S15 x x x 0.328 -0.154 0.70 -0.071 0.85
P50914 RL14 60S ribosomal protein L14 x x x 0.024 1.06 0.129 1.35
P62847 RS24 40S ribosomal protein S24 x x x x x x x 0.300 2.00 -0.041 0.91





x x 0.149 1.41 0.156 1.43
P57088 TMM33 Transmembrane protein 33 x x x x x x x 0.197 1.57 0.217 1.65
P00403 COX2
Cytochrome c oxidase 
subunit 2
x x x x x x 0.094 1.24 -0.024 0.95




x x x -0.090 0.81 -0.067 0.86
Q99880 H2B1L Histone H2B type 1-L x x x x -0.605 0.25 0.110 1.29
P61619 S61A1
Protein transport protein 
Sec61 subunit alpha isoform 




x x x x x x x 0.387 2.44 -0.046 0.90
P62266 RS23 40S ribosomal protein S23 x x x 0.349 x x x 0.146 1.40 0.026 1.06
Q71UI9 H2AV Histone H2A.V x x x x x x x -0.656 0.22 0.053 1.13
P60866 RS20 40S ribosomal protein S20 x x x 0.438 x x -0.212 0.61 0.054 1.13
P02768 ALBU Serum albumin x x x 0.396 x x x 0.160 1.44 0.212 1.63




x x x -0.079 0.83 -0.047 0.90












Figure 4.14 - Distribution of number of proteins according to logarithmic value of variation 
ratio of each quantified protein: at the left, variation of control extract against values of 
control membrane; at the right, variation of H2O2 membrane. Variation ratios determined 
from protein values previously normalized to total intensity (norm to total int) or to internal 
standard (IS).
Figure 4.15 – Logarithmic value of the variation of quantified proteins in H2O2 membrane 
condition, by division of each mean protein value by respective values of control condition 
(control membrane). Protein intensity values of both conditions previously normalized to total 
intensity. Positive logarithmic values denote increased protein value from control to H2O2 
condition, negative values a decreased protein value. 
log10 [(H2O2(memb)/Ctrlmemb)] log10 [(H2O2(memb)/Ctrlmemb)] 
4. Results 
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Table 4.8 – Description and characterization of proteins of interest, selected 
according to: protein values normalized to total intensity, with statistically 
significant difference, or above 1.5 fold decrease or increase, between H2O2 
and control conditions; gene ontology attribution to cell surface 
(GO:0009986); PARK7 interactors with STRING score over 0.3. * = t-test with 
p-value under 0.01 between H2O2 and control; ** = p-value under 0.05.
Figure 4.16 – Comparison of mean intensity values, normalized to total 
intensity, of replicates of control membrane (Ctrl memb) and H2O2 
membrane  (H2O2 memb),  regarding  proteins  of  interest  of   table  4. 
Negative and positive error bars of each condition corresponding to 








* Serum albumin P02768 0.396 x
** Transmembrane protein 
33
P57088 x x
** 60S ribosomal protein 
L6
Q02878 x
** 60S ribosomal protein 
L7a
P62424 x
Tubulin alpha-4A chain P68366 x
Putative elongation factor 
1-alpha-like 3
Q5VTE0 x
40S ribosomal protein S6 P62753 x
Nucleolin P19338 x x
ATP synthase subunit beta, 
mitochondrial




Prohibitin-2 Q99623 x x
Prohibitin P35232 x x x 0.397
60S ribosomal protein L13a P40429 x 0.303
T-complex protein 1 
subunit alpha
P17987 0.323
40S ribosomal protein S15 P62841 0.328
40S ribosomal protein S23 P62266 0.349
60S ribosomal protein L11 P62913 0.365
40S ribosomal protein S20 P60866 0.438
Heat shock cognate 71 kDa 
protein
P11142 x x 0.464
+1.5-fold 
decrease
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sample mean of [ ] st dev % CV
WT DJ-1 in PBS 3,995 0,143 3,58
WT DJ-1  in PBS + 5% glycerol 2,489 0,110 4,43
M26I DJ-1 in PBS 2,718 0,325 11,96
M26I DJ-1 in PBS + 5% glycerol 2,571 0,034 1,32
E163K DJ-1 in PBS 2,231 0,235 10,55
E163K DJ-1 in PBS + 5% glycerol 1,865 0,586 31,43
y = -0.0034x + 0.5471 






0.0 20.0 40.0 60.0
BSA (mg) 
absorbance 
Figure 8.1 – Calibration curve 
measured for bovine serum albumin 
(BSA) standard solutions. PBS as blank. 
Table 8.1 – Calculated values for concentration of 
WT, M26I and E163K DJ-1 stock solutions (n=3), 
using 2D-Quant assay. 
sa ple ean of [ ] st dev  CV
T J-1 in PBS 3.995 0.143 3.58
T DJ-1  i     l c r l . 0.110 4.43
26I J-  i  . .325 11.96
26I DJ-1 i     . .034 1.32
E163  J-  i  . .235 10.55
E163K J-1 i     . .586 31.43
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Figure 8.2 - Sequence coverage of identification of recombinant WT, M26I and E163K DJ-1, 
after SDS-PAGE and gel processing of each stock solution in PBS with 5% glycerol, IDA 
acquisition of section 3 of gel lanes and IDA processing with protein + mutation database. 
Colour of residues: green = residue identification over 95% confidence; yellow = over 50% and 
under 95% confidence. 6His = hexahistidine; TEV site = N-terminal cleavage site;  
apostrophe = peptidic bond cut by TEV protease; triangular arrow = mutation site;  
vertical bar = DJ-1 N-terminus (DJ-1protein sequence to the right of vertical bar);  
middle point = marker for 25 and multiple residue length of protein 
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147 
8.3. SH-SY5Y viability assays 
Figure 8.3 –SH-SY5Y viability CellTiter-Glo assay, after MW-96 plating and 24h incubation in 
absence or presence of oxidative stress (40, 50 µM hydrogen peroxide), and addition of 1 µM 
WT DJ-1 in PBS or PBS with 5% glycerol (PBS+G) or addition of PBS or PBS+G with equal 






40 µM H2O2 
0   µM H2O2 
50 µM H2O2 
CellTiter-Glo luminescence 
CellTiter-Glo luminescence 
Figure 8.4 - SH-SY5Y viability CellTiter-Glo assay, after MW-96 plating and 24h incubation in 
absence or presence of oxidative stress (40, 50 µM hydrogen peroxide), and addition of 1 µM 
WT, M26I or E163K DJ-1 in equal volumes of PBS with 5% glycerol or addition of vehicle (PBS 
with 5% glycerol) in equal volume to added of all DJ-1 protein forms (5.11 µL), or absence of 
protein addition (c-). n=3. Selected conditions (WT, M26I and E163K, in 0 and 50 µM hydrogen 
peroxide) subsequently submitted to t-test and construction of figure 4.8. n=3












Figure 8.5 – SH-SY5Y cell viability after 48h plating, 
culture medium removal and incubation with new 
culture medium (MEM-F12 with 10% FBS), PBS or 
water, at room temperature, for 15 or 30 minutes.
Figure 8.6 – SH-SY5Y viability after 
48h plating, culture medium removal 
and incubation for 5 minutes in 50mM 
Tris prepared in water (Tris H2O) or in 
PBS (Tris PBS) or incubation in Tris-
buffered Saline isotonic buffer (TBS). 
Figure 8.7 – SH-SY5Y cell viability assay, with culture medium exchange 24 h after plating, and 
simulation of biotinylation protocol 48h after plating. Viability quantified in solutions used over 
SH-SY5Y in equal conditions to delineated biotinylation control: removed culture medium, 15 
min incubation with the Sulfo-NHS-LC-biotin solvent PBS, quenching washes with TBS) and cells 
left adhered to well bottom. Values normalized to control condition, with medium exchange 24 
h after plating and absence of simulated biotinylation. 
time of incubation 
CellTiter-Glo luminescence CellTiter-Glo luminescence 
CellTiter-Glo luminescence 
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Figure 8.8 – Dot blot assay for detection of 
biotinylated protein with SAPE staining. 
biot-DJ1 = biotinylated WT DJ-1;  
DJ1 = non-biotinylated DJ-1; SAPE = 
streptavidin b-phycoerythrin conjugate. 
Figure 8.9 – Dot blot assay of positive 
control (SAPE) added in several 
concentrations (20×, 10×, 5×, 1×).  
A = fluorescence emission after SAPE 




8.4. SAPE dot blot assay 
8. Supplementary data 
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8.5. Experimental digestion of membrane proteins 
with trypsin or trypsin + chymotrypsin 
8.5.1. IDA analysis 
α
8. Supplementary data 
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Table 8.4 – Number of identified proteins for each biological replicate of proteins digested 
with trypsin (Tx) or trypsin with chymotrypsin (TCx). Membrane proteins identification from 
total of proteins made through Uniprot attribution of gene ontology regarding the 
corresponding cellular component (GO:0044425). 
Table 8.5 – Data processing of protein identification lists acquired for each replicate. Average 
GRAVY score calculated from the hydropathy quantification of all peptides identified on the 
samples of each condition. st dev = standard deviation; %CV = coefficient of variation. 
T1 T2 T3 T4 TC1 TC2 TC3 TC4
nr pept >2 265 324 347 350 227 257 234 219
nr pept <3 221 220 228 213 98 116 109 133
total nr proteins 486 544 575 563 325 373 343 352
nr membrane 
proteins
295 326 339 337 202 230 213 212
% membrane 
proteins
60.70 59.93 58.96 59.86 62.15 61.66 62.10 60.23
mean st dev %CV mean st dev %CV




348.25 19.96 5.73 457 251 72.02% 54.92% 214.25 11.62 5.42 61.54 -0.266
total proteins membrane proteins

































Figure 8.11 – Distribution of identified peptides according to GRAVY score, for replicates of 














Figure 8.12 – Distribution of identified peptides according to GRAVY score, with values 
translated to its percentage from total identified peptides. 
 
8. Supplementary data 
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8.5.2. SWATH analysis 
Table 8.6 –SWATH acquisition data of samples with trypsin or trypsin and chymotrypsin 
digestions. Membrane and integral to membrane identification made through Uniprot 
attribution of gene ontology regarding the cellular components membrane (GO:0044425) and 
integral component of membrane (GO:0016021). Average GRAVY score calculated from the 








nr proteins on 








average peptide      
GRAVY score 
T 1021 329 210 (63.83%) 286 (86.93%) -0,1145
TC 860 259 173 (66.80%) 203 (78.38%) -0,2123
common proteins
218 148 43
Figure 8.13 – Venn diagrams for convergence analysis of protein list acquired in IDA or 
SWATH analysis, from left to right: quantified proteins in T or TC digestion; quantified proteins 
of T digestion against proteins found in IDA analysis of all four replicates; quantified proteins 
of TC digestion against proteins found in IDA analysis of all four replicates; 218 proteins 
quantified on SWATH analysis common for T and TC against 233 proteins common to all T and 





8. Supplementary data 
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Figure 8.15 - Distribution of percentage of identified peptides according to GRAVY score, 
against total number of peptides attributed to SWATH acquisition on each digestion condition. 
Figure 8.14 - Distribution of peptides, attributed to all samples of each condition in SWATH 
quantification, according to GRAVY score,  
8. Supplementary data 
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Table 8.7 – Calculation of average of protein intensity values after calculation of the mean, 
standard deviation and %CV for each protein among the four replicates, comparing 













T 0.00304 0.00016 7.069 0.01091 0.00089 12.370
TC 0.00386 0.00055 11.792 0.02125 0.00988 56.737
normalisation to                       
internal standard (IS)
normalisation to                      
total intensity
8. Supplementary data 
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Figure 8.16 – Distribution of the number of proteins according to determined mean peak 
intensity.  
 
Figure 8.17 – Percentage of proteins according to determined mean peak intensity.  
Figure 8.18 - Distribution of %CV attributed to each quantified protein. 
8. Supplementary data 
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Figure 8.19 – Percentage of proteins according to determined %CV values. 
  
8. Supplementary data 
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nr % nr % nr % nr % nr %
bt 63 33 30 35 55.56 24 38.10 2 3.17 55 87.30 2 3.17
reg 52 30 22 33 63.46 18 34.62 1 1.92 44 84.62 2 3.85
sb 176 83 93 115 65.34 48 27.27 9 5.11 127 72.16 9 5.11
ft1 545 284 261 325 59.63 110 20.18 72 13.21 354 64.95 32 5.87
bt 39 22 17 18 46.15 11 28.21 1 2.56 32 82.05 1 2.56
1st pull-down bt 813 524 289 415 51.05 129 15.87 15 1.85 442 54.37 22 2.71




























peptides        
< 3
Figure 8.20 – Nanodrop measurement of fractions collected during washing steps of avidin 
pull-down, using PBS as blank. Full squares were measured after collection; squares with no 
filling were fractions measured after storage at -20ºC. AU = absorbance units 
Table 8.8 – Comparison of total number of proteins identified in washing and eluting fractions 
collected during avidin pull-down of protein extract and Tris+biotin, and respective number 
and percentage of proteins with gene ontology attributed to membrane (GO:0044425), plasma 
membrane (GO:0005886), extracellular region (GO:0005576) and cell surface (GO:0009986), 
and proteins with predicted α-transmembrane region (using TMHMM Server v.20 online tool).
AU (280nm) 
8. Supplementary data 
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Table 8.9 – Determination of number of proteins with cellular component attributions of 
interest (membrane, plasma membrane, cell surface) and with α-transmembrane prediction, 
aong list of proteins common to all fractions, and total distinct proteins found among all 
washing and eluting fractions. 
Table 8.10 – Comparison of identified peptides and proteins among fractions collected after 
pull-down of protein extract and Tris+biotin solution, using ProteinPilot processing of IDA 
acquisition files with normal parameters and with modified parameters (where modification 
list includes coupling of Sulfo-NHS-LC-biotin with lysine and N-terminal residues). Number of 
proteins and peptides with biotin determined with its identification on protein and peptide 






Total proteins 1093 17




Cell surface proteins 41 1









bt reg sb ft1 bt bt bt
proteins 63 52 176 545 39 813 245
peptides 398 314 693 2338 275 4910 1413
proteins 61 53 170 545 39 818 247
peptides 398 319 699 2344 274 4959 1433
proteins 0 0 0 2 0 21 11




PP with modified 
parameters
PP with normal parameters
1st pull-down 2nd pull-down
8. Supplementary data 
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Table 8.11 – Comparison of identified proteins using normal and modified ProteinPilot 
parameters (the later detects increased mass of biotinylated residues), regarding total 
number, proteins with less and more than 3 peptides, and gene ontology attributions of 
interest (membrane, plasma membrane, extracellular region, cell surface) 
Figure 8.21 – Venn diagrams for convergence analysis of protein list acquired in IDA analysis 
in the various fractions collected after pull-down: PE1  = first pull-down of protein extract; PE2 
= second elution of protein extract, using first washing fraction from PE1; TB1 = first pull-down  
of Trisand biotin solutions used in biotinylation; TB2 = second pull-down of Tris and biotin 
solutions. Collection of several fractions in each pull-down: ft = first washing fraction, with 
non-biotinylated proteins; bt = elution of biotinylated protein with biotin solution; reg = 
elution with glycine solution; sb = elution with addition of Sample Buffer and resin 
denaturation. 
Table 8.12 - Comparison of SWATH libraries created after ProteinPilot processing of all 







normal modified normal modified normal modified normal modified normal modified normal modified
nr proteins >= 3 33 33 30 30 83 82 284 284 22 22 524 527 153 153
nr proteins < 3 30 28 22 23 93 88 261 261 17 17 289 291 92 94
nr total 63 61 52 53 176 170 545 545 39 39 813 818 245 247
nr membrane proteins 35 34 33 34 115 111 325 327 18 18 415 425 102 106
nr plasma membrane 24 23 18 20 48 48 110 113 11 11 129 133 53 56
nr extracellular region 55 55 44 44 127 123 354 353 32 32 442 443 193 193
nr cell surface proteins 2 2 2 4 9 13 32 32 1 1 22 24 15 16
protein extract Tris + biotin
bt bt
1st pull-down 2nd pull-down 1st pull-down 2nd pull-down
bt reg sb ft1 bt
total >=3 <3 membrane plasma membrane cell surface extracellular region
PP normal parameters 6103 1059 661 398 576 191 43 595








all proteins in 
bt, reg or sb 
TB1-bt 
8. Supplementary data 
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Figure 8.22 – Quantification of proteins after normalization to total intensity of each fraction or 
to internal standard (IS). Selection of proteins: common to all FT, BT, Reg and SB fractions 
subjected to IDA acquisition; plasma membrane or cell surface localization (not found proteins 
with α-transmembrane prediction common to all samples). Execution of several pull-downs: C- 
= pull-down of non-biotinylated protein extract (not subjected to IDA acquisition); PE1 = first 
pull-down of protein extract; PE2 = second elution of protein extract, using first washing 
fraction from PE1; TB1 = first pull-down of Tris and biotin solutions used in biotinylation; TB2 = 
second pull-down of Tris and biotin solutions. Collection of several fractions in each pull-down: 
FT = first washing fraction, with non-biotinylated proteins; Bt = elution of biotinylated protein 
with biotin solution; Reg = elution with glycine solution; SB = addition of Sample Buffer and 
resin denaturation.
Figure 8.23 – Quantification of proteins after normalization to total intensity of each fraction or 
to internal standard (IS). Selection of proteins: identified in any BT, Reg and SB fractions 
subjected to IDA acquisition, and not identified in IDA acquisition of FT fraction of PE2 pull-
down; at least two attributions regarding plasma membrane localization, cell surface 
localization or α-transmembrane prediction. Legend equal to figure 8.22.
8. Supplementary data 
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Figure 8.24 – Quantification of proteins after normalization to total intensity of each fraction or 
to internal standard  (IS). Selection of proteins: only identified in identified in IDA acquisition of 
FT fraction of PE2 pull-down (not identified in any all BT, Reg or SB fractions); not attributed to 
plasma membrane localization, cell surface localization or α-transmembrane prediction. 
Legend equal to figure 8.22.




8. Supplementary data 
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8.7. Complementary data from MS analysis of cell 
surface biotinylation 
Figure 8.25 - Nanodrop measurement of fractions collected during washing steps (ft 2 to 6) of 
avidin pull-down (fractions ft 2 to 6) of the three pull-downs of SH-SY5Y protein extract:        
Ctrl ext = control conditions without ultracentrifugation; Ctrl memb = control condition, with 
ultracentrifugation and collection of crude membrane fraction; H2O2 memb = oxidative stress 
incubation conditions, with ultracentrifugation. Use of PBS as blank. AU = absorbance units.
Figure 8.26 - Distribution of number of proteins quantified in SWATH acquisition, according to 
logarithmic value determined for mean of protein intensity in four replicates of each pull-
down (Ctrl extract, Ctrl memb, H2O2 memb), after values normalization to total intensity.
AU (280nm) 
8. Supplementary data 
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Figure 8.27 - Distribution of number of quantified proteins according to coefficient of 
variation (%CV) of protein intensity between the four replicates of each pull-down (Ctrl extract, 
Ctrl memb, H2O2 memb), after intensity values normalization to total intensity of each 
replicate. 
Figure 8.28 - Distribution of number of quantified proteins according to logarithmic value for 
the mean of protein intensity, after values normalization to added internal standard (IS).
Figure 8.29 - Distribution of number of quantified proteins according to coefficient of variation 
(%CV) between replicates, after values normalization to added internal standard (IS). 
8. Supplementary data 
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Table 8.13 – Number and listing of proteins according to the convergence of protein lists 
obtained from SWATH acquisition and IDA acquisition of each condition (IDA C-ext,                     
IDA C-memb, IDA H-memb), mentioned in Figure 8.30. 
samples nr proteins (uniprot code) 





P05388 Q00325 P12236 Q01130 P11142 P22626 P00403 P62424 Q71U36 Q07020 Q92522 P51991 P35232 
O14979 P39023 Q9Y230 P67809 P25705 P62277 P61353 P62987 P62318 P02768 P62269 P18124 P68366 
P18077 P36578 P57088 P06576 Q71DI3 Q14103 P62841 P04264 P23396 Q5VTE0 P45880 P19338 P62701 
P63261 P62899 P17987 P14625 Q71UI9 P62249 P62917 O60506 P07910 P62753 P42766 P11940 P62847 
P62266 Q99623 P61313 P52272 Q02878 P60866 P40429 P18621 P50914 P61254 P62805 P61619 Q9BPW8 
P46781 P62913 P83731 P62906 Q00839 P15880 Q08211 P62244 P26373 Q16629 P13010 P62241 












Q9BSJ8 Q9NVI7 P09651 P30101 P13639 P62851 P41252 Q86U42 P62854 Q5JWF2 P14618 P50990 P14868 
P53621 Q9Y224 P61513 A6NKG5 Q9NR30 Q8WXE9 P40939 Q07021 Q15029 O14980 Q9Y265 Q9P015 P39656 
P78371 P61163 P19367 P40926 Q9NVJ2 O75533 Q9BUJ2 P51571 Q01813 P26378 P53618 P09874 P46778 
P83881 Q99460 P62750 P61247 Q12905 Q9HD33 P22234 Q96CS3 P16615 Q9Y5B9 P49458 P55084 Q14839 
P46977 P06493 Q5SSJ5 P37108 P62826 Q9UBF2 P42704 P18085 P84103 O14744 P27824 P04843 P22695 
P62263 P13645 Q92499 P62333 P50416 P05141 P51532 O94906 P60842 Q16795 P17252 Q9Y3U8 Q7L2E3 
Q14697 P14866 P07437 P04004 Q9UGP8 Q00610 P49411 P12956 Q9BZE4 P17844 Q6S8J3 P26583 Q7Z2W9 
O75367 P23528 Q02978 P11021 Q9P2K5 Q13242 P31943 P16401 P84098 P36542 P10809 O75489 Q04837 
P13667 Q9UBX3 Q71UM5 P49207 Q96DV4 Q9BYD1 Q01081 P27708 P48556 Q07955 Q9P035 P82650 O75643 
Q1KMD3 P16403 Q14204 P56192 Q14974 P30050 Q8WXX5 P09661 P38646 Q14576 O75494 Q9H9B4 Q15046 
P35527 O00425 Q92841 Q8N1F7 Q13838 P35580 Q9UKM9 P26599 O75352 P54136 P09172 Q6DRA6 P26641 
P51659 P78527 O75964 Q99453 P62081 P08238 Q6ZMW2 P62304 O43143 P32119 Q9Y4L1 Q9BVA1 P48735 
Q8N158 P07305 P62316 P35908 P04844 P22087 P08621 O43390 P62995 Q9BYD3 Q08945 P61978 Q13263 
P12235 O60762 P02786 P62910 P43243 Q16555 P61026 Q96EY7 Q13740 P08237 Q9UHB9 P46783 Q16891 
Q15717 P32969 Q9Y277 O43602 Q3KQU3 Q92552 P07477 Q13310 P62888 P30048 P31942 P20042 Q6P2Q9 
P13591 P0AEY0 P31689 P62834 P62314 Q96CW1 Q08J23 Q9UJS0 P06748 P33992 Q9BQG0 P63244 P49406 
Q9P2J5 Q99729 P05386 Q05639 P51398 Q13509 P62280 P46776 O76021 P10412 P42212 P23284 P62829 
P38919 Q9BZE1 P48643 Q12860 P26368 O43242 P25205 P35579 Q16352 Q13595 Q96DH6 Q8N0U8 P05556 
Q09161 Q15393 O00571 O60318 Q99714 P49721 Q02543 P47914 P04406 P27635 Q92900 P46779 O14880 







Q00577 P82914 Q9NYK5 O75306 O00422 P31040 Q7Z4S6 Q8N163 P82675 Q06830 P12268 Q8NBJ5 Q96A35 
Q12789 Q92878 O75569 P40937 Q16540 P28331 Q9BWM7 P11182 P09012 P55209 P43246 Q9UQ80 Q9UJA5 
P04792 P36957 Q14498 P53007 P82663 Q9BXJ4 O75140 Q13885 P62195 Q12906 Q13405 P46777 P67775 




Q14739 Q5SY16 O00148 P54886 Q14194 P50454 P62879 Q16658 P84077 P37802 Q9NZ01 Q13243 Q8IVF1 
P61158 P19404 P16402 P17858 P08670 P30876 P63173 Q9Y3D9 Q8WUD1 Q99943 Q9H936 Q9Y4W2 
Figure 8.30 - Venn diagrams for convergence 
analysis of protein lists resulted from the 
acquisition and processing of samples: SWATH = 
selected proteins after SWATH acquisition and 
processing; IDA C-ext = proteins identified with IDA 
acquisition of pull-down of protein extract from 
control conditions, without ultracentrifugation 
processing; IDA C-memb = IDA acquisition of 
protein extract from control conditions, subjected 
to ultracentrifugation; IDA-H-memb = IDA 
acquisition of protein extract from oxidative stress 
conditions, subjected to ultracentrifugation. 





P35268 Q53GQ0 Q9UJZ1 Q07666 P09001 P46087 P49327 Q13813 Q969V3 P50402 O43674 O75947 Q9H0S4 
Q9NZB2 O43707 Q9UNM6 Q99832 Q92769 O14735 O60264 Q92616 Q8NBX0 Q8IUE6 P37235 P13073 P67812 
Q9UQE7 Q9NXF1 P21796 Q15738 Q8IXI1 O60831 P05026 P61803 P08195 P68133 P61981 Q16850 Q9HD20 
P05023 P62191 P46821 P19525 Q9UIG0 Q15019 O96008 O15260 P35998 P47897 O00232 O00154 P07237 
P55072 Q9Y3E0 P69892 Q15758 O75531 P52701 O60313 P48047 Q15397 P55795 P51572 P56134 P07814 
Q9BRX8 Q9H6V9 Q15008 Q9HDC9 P51665 Q96KA5 Q13155 Q9BV38 P50991 Q9UKX2 P31930 Q14152 
Q9P0M6 P00387 P16104 P49748 Q99536 Q92945 Q8IZL8 P62308 Q8N766 Q96N67 Q96CW5 P46782 Q13724 
Q6P2E9 P24539 O00217 Q16799 Q8N5K1 P57678 Q8IZ81 P11388 O43795 P68363 A5YKK6 Q9UHG3 Q8TEM1 
Q15366 O00264 Q6FI13 Q13200 P49755 Q9NQC3 Q9NWU5 P14314 Q02880 P35659 Q5JPE7 A1L0T0 O00231 
Q15233 Q9Y6C9 Q3ZCQ8 P13637 
IDA C-ext 134 
Q15287 Q9BQ75 Q86VP6 P07741 Q9Y3Y2 P09429 O60568 Q96QR8 Q9UBS4 Q13765 Q9H5Q4 Q07812 
O75251 O60783 P62258 Q9BTW9 P21397 Q12931 Q15427 P32004 Q9H857 P29401 P82930 P49821 Q6SZW1 
Q59GN2 P27694 Q92823 Q8TCJ2 P05455 O95071 Q13162 Q6PKG0 P26358 Q8IYB3 P19387 P12081 P38159 
P62820 Q12849 P35606 O43633 P40222 Q9Y4C2 P78362 Q9BYD2 O95613 Q9NWB1 Q8NEV1 P61221 Q7Z6Z7 
P61106 P11498 Q9NYU2 P61764 P07195 Q9Y2R9 P62136 P09622 Q96QV6 P15927 P55060 Q9UIA9 P33947 
Q9BQ39 P36543 Q96ME7 O00541 Q96HS1 O60884 O43592 P35244 P06753 P07196 O95490 P12004 Q15274 
Q6NUK1 P11586 Q13151 P30041 P20290 P60953 P22102 Q9HCC0 Q14566 P67870 O95793 P49448 Q9BYC9 
Q9BVP2 A8MWD9 O75131 Q08170 Q15005 Q9H9J2 P23381 P14174 Q12769 Q9Y2Q9 O95747 P68871 P62140 
P41250 P38606 Q93008 Q8N5N7 P17812 Q8IV08 P06733 O60832 P82673 Q9NSE4 Q96KR1 Q9HAV4 Q9UER7 
Q9Y619 Q8IXM3 Q9NRG9 P33991 P82664 Q99873 P55786 Q01085 Q96P70 Q99879 O95433 Q9Y3B7 P11717 
Q92665 Q92621 Q9UBU9 P19623 Q2NL82 
IDA C-memb 123 
Q5ZPR3 Q86UE4 Q8NF37 Q7L099 Q9H3N1 Q7Z5H4 Q9H3H5 Q9P0S9 Q13423 P08754 Q9Y315 Q15365 
Q9C0H2 P27348 Q02809 P30153 Q92973 P51149 O75396 P55036 Q5BJF2 P05198 Q6ZVC0 Q14344 O75027 
Q16576 P46459 B1AJZ9 P63010 P56537 Q29RF7 Q8IX01 O00303 P55265 Q9Y262 Q9BQB6 P20671 Q3SXM5 
O95202 A6NHR9 O75323 Q9UMS4 O43776 Q15363 P21281 P17980 P14678 Q9BSJ2 Q9HCS7 P47985 O00560 
Q16630 Q9BTV4 P51114 Q92542 Q15050 Q9ULC6 Q9UJY5 P23246 Q9Y3I0 Q9HB71 Q92643 P24534 Q8TCT9 
P20674 Q9P258 Q9BRJ2 Q53H12 Q9NY12 P15311 O95197 P60468 P46940 P35249 O00471 Q07065 P25788 
Q9UHD8 Q9Y394 Q99613 Q9H1A4 Q15907 Q9NVP1 P62937 P60228 Q9Y6Y8 P09471 O00487 P61006 P61019 
Q5T653 P60660 Q9BVC6 Q8NHH9 P48444 Q8IZ83 P53396 Q96AG4 O94973 Q16643 P43307 O00567 P82921 
O43913 Q14669 Q9Y3D6 Q9NTJ5 P17600 Q13247 P05387 O75431 P41091 P35613 P26640 Q96A72 P61081 
P09543 P35030 Q16778 Q8TBY8 P53999 Q07866 O43681 
IDA H-memb 52 
Q14728 Q14108 Q01082 Q86XI2 O60306 P46100 P51148 P04899 Q9NTI5 Q9NS69 O15258 Q92974 Q14145 
O43324 Q5T4S7 Q96G23 Q5VTL8 Q14683 Q9UNF1 O95299 P54920 O43809 Q9BTT0 Q7L014 Q96ST3 O15173 
Q9Y2X3 P54289 Q9BW27 P28288 Q99575 Q9H7Z7 P08579 Q12836 Q9Y2R5 Q9Y2A7 P36776 O94925 Q12926 
P35222 Q96F07 Q5JTH9 Q8TAE7 Q9Y5S9 O15240 Q96I24 P50148 Q9BYG3 P26196 Q9Y512 Q562R1 P26038 
10-5 > p-value > 10-7 
p-value > 10-3 
10-3 > p-value > 10-5 
10-7 > p-value > 10-9 
p-value < 10-9 
Figure 8.31 – Diagram for gene ontology enrichment, according to cellular component, after 
GOrilla online tool query of SWATH quantified proteins, with protein list ranked in decreasing 
order of mean protein value in the control condition (Ctrl memb): left diagram = ranking with 
values normalized to total intensity; right = values normalized to internal standard (IS).


























































































































































































































































































































































































































































































































































































































































































































































































































































































   
























   


































































   
   
























   
   
   
   






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
























   


































































   
   
























   
   
   
   


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8. Supplementary data 
174 
Figure 8.35 - Logarithmic value of the fold-variation of quantified proteins after oxidative 
stress incubation and use of ultracentrifugation (H2O2 memb condition), by division of each 
mean protein value by respective values determined for control condition (Ctrl memb 
condition). Protein intensity values of both conditions previously normalized to internal 
standard (IS). Positive logarithmic values denote increased protein value from control to H2O2. 
condition, negative values a decreased protein value. 
8. Supplementary data 
175 
8.8. Sulfo-NHS-LC-biotin reactivity assays 
Figure 8.36 – Nanodrop measurement of absorbance at 260nm of concentrated  
Sulfo-NHS-LC-biotin solutions prepared in PBS, freshly prepared or stored at -80ºC for 20 or 
60 days. After dilution of solution until an absorbance registry lower than 1, determination of 
absorbance difference before and after addition of 10% (v/v) of 1 M NaOH, in several aliquots 
measured at different time periods after Sulfo-NHS-LC-biotin solution preparation or 
thawing. A high increase of absorbance from before to after NaOH addition denotes NHS 
group reactivity.
∆ AU260  (before NaOH, after NaOH) 
minutes after biotin solution preparation or thaw 
8. Supplementary data 
176 
